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Abstract 
Previous studies have demonstrated the inherent relationships between landscape pattern and road networks. A new technique for 
analyzing the distribution of points on a network has been developed, called the network K-function for univariate analysis. 
Using this method, we analyzed the spatial patterns of three types of vegetations in Xishuangbanna in Yunnan province with 
different periods, to investigate the effects of road disturbance. Comparing different periods of K curves, we can explore the 
characteristics of different types of vegetations distributing along the road network. The results of the Kernel and network K-
function analyses showed that populations of three types of vegetations were tending to cluster by road networks. The broad-
leaved forests were not randomly distributed within road networks in three periods at all distance. In contrast, the coniferous 
forests is peculiar, with significant small-scale clustering of at distances up to 120 km and significant large-scale repulsion of 
clusters of populations >120 km. However the number of plantation forests increased and tend to cluster with the road networks. 
 
© 2010 Published by Elsevier Ltd. 
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1. Introduction 
Roads are developing rapidly in the form of network. Previous study showed that roads and road effect zone 
cover more than 15%~20% of total global land [1]. Roads affect landscape structure and species survival through 
habitat fragmentation, removing original land cover, creating edge habitat, and increasing access for humans[2-4]. 
Now China is experiencing the fast-speed road construction and the effects of road networks cause more and more 
attraction. The science of road ecology has recently emerged to improve our understanding of road network 
environments to landscape level, but there is little research in analyzing patch patterns on road networks for different 
periods. 
The network K-function is an effectively used method for anglicizing point patterns on a network was recently 
developed by Okabe and Yamada[5]. Using this method, we analyzed the spatial patterns of three types of 
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vegetations in Xishuangbanna in Yunnan province with different periods, to investigate the effects of disturbance 
from roadwork. Yunnan province, which is a junction of Southwest China and Southeast Asia and quite well known 
for great biological diversity, has more than 93% highway of total transportation. These three vegetations are 
dominant types near roadside. Spatial analysis of roadside vegetations may reveal important insights into 
anthropogenic interrelations[6], an issue critical to conservation of vegetations in Xishuangbanna. The following 
objectives are addressed: (1) the spatial distribution of three type of vegetations within the road network is analyzed 
with three different periods, with a focus on the spatial clustering of patches and spatial association with specific 
landscape elements, using The network K-function, and (2) comparing different periods of K curves and exploring 
the characteristics of different types of vegetation migrating along the road network. 
2. Methods  
2.1. Study Area  
Xishuangbanna is located on the northern edge of tropical Asia, at the ecotone between the Asian tropics and 
subtropics, and is dominated by tropical seasonal rain forests. Xishuangbanna is a biologically diverse region that 
covers only 0.2% of the land area of China, yet contains 25% of all plant species in the entire country[7], of which 
nearly 1000 species of wild plants can be directly utilized by human being. In recent years, human disturbance 
increases and road network grows rapidly with tourism development and major engineering projects such as 
hydroelectric station, expressway construction. Ecological problems have been led by human disturbance via roads 
such as deforestation, slash and burning shift cultivation in Xishuangbanna with the local environment and 
agricultural development[8]. Currently, 340 species have been recognized as threatened[9]. 
2.2. Sources of Data 
Vegetation types in this area were digitized based on 1:100000 vegetation map of Yunnan in 1970, 1990 and 
2000. We choose three typical vegetations for this study, which are broad-leaved forests, coniferous forests and 
plantation forests. Because the three types of vegetation has been significant influence by road networks. The road 
vector data in this study were digitized based on present status and transportation plan map of Yunnan province in 
2004 and also acquired from 1:250000 road databases from national fundamental geographical information centre in 
2002. We found the central point in the patches of these vegetations and then performed using SANET, and output 
data were exported into MS Excel to aggregate data, calculate confidence intervals (for network-K-function 
analyses), and produce graphs for visual analyses.  
2.3. Methods 
The network K-function method: first let us fix a general setting. We consider a finite connected planar network, 
N = N (L, Q), consisting of a set of links, L =̗L1,…, Lnl̙, and a set of nodes, Q = ̗q1,…,qnQ.̙. We denote the 
whole links by  1i.e  Lnk kT TL L L  and the total length of LT by lT. Note that both ends of a link in L are nodes 
in Q and no links are connected except at nodes of Q. We measure the distance between two points on LT of N by the 
length of the shortest path between them, which we call the network distance. Note that we may refer to a network 
distance simply as a distance when a network is understood. We next consider a set of n objects, such as fast-food 
stands, which can be regarded as a set of points, P = ̗p1,…,pn ̙and assume that the points of P are on the links LT 
of N. 
The assumption of the binomial point process implies the hypothesis that objects represented by P are uniformly 
and independently distributed over the street network N. Thus if this hypothesis is not accepted, we may infer that 
the fast-food stands are spatially interacting and dependent each other; as a result, they form a non-uniform pattern. 
The stands may tend to be close together, or they may tend to keep away from each other. In the former case, we say 
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that the fast-food stands are clustering; in the latter case, we say that they are repelling. Under the assumption of the 
binomial point process, we define a function, K (t), by 
 the number of points of  within Euclidean distance  of  a point   of 1( ) iPt p PK t EZ      (1) 
where E(.) is the expected value with respect to i = 1,…, n (pi ę P) where P follows the binomial point process, and 
¹ is the density of points of P, i.e. ¹= n/LT. Function K(t) is the network K-function for the binomial point process. 
 
Figure1. (a)Estimation of normal K-function; (b) Estimation of network K-function on a road network (shown as thin lines) 
Now suppose that we observe n points of P on LT (consequently, P is fixed), and let Lpi(t) be a subset of LTˈ 
where the network distance between pi and any point on Lpi(t) is less than or equal to t. The K-function for this 
observed data set, K
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We call the function K
 (t) the observed network K-function for a given set P. Once we obtain the observed 
network K-function K
 (t) and the network K-function for the binomial point process K(t), we can examine whether 
or not the observed points are distributed according to the binomial point process. If K
 (t) > K(t), we may infer that 
the points of P are clustering; if K
 (t) < K(t), the points of P are repelling[5]. 
3. Results 
3.1. Spatial point patterns of the broad-leaved forests 
 
Figure2.Kenel range estimation of the spatial point density of broad-leaved forests in three periods 
(a) 1970 (b) 1990 (c) 2000 
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Figure 3.Univariate spatial pattern analysis using the network K-function for distributions of broad-leaved forests in three periods 
 
Kernel estimations of the broad-leaved forests’ density of spatial point patterns from 1970 to 1990, showed major 
clusters of broad-leaved forests changed from the northern, north-west and central to north-west, south-west and 
north-east areas, and in 2000, the strong clusters of broad-leaved forest only in north-west (Figure 2). Univariate 
network K-function analysis revealed that the broad-leaved forests were not randomly distributed within road 
networks in three periods (Figure 3). In 1970 there was highly significant clustering of populations at all values of d, 
particularly at distances of 0–50 km and 100-200 km (Figure 3a). But in 1990, the clustering is not obvious. In 2000, 
plots of K
 (d) versus d showed significant clustering of populations at all values of d (Figure 3c). These scales of 
patterning in the broad-leaved forests can easily be seen in the Kernel estimations (Figure 3). 


























Figure 5.Univariate spatial pattern analysis using the network K-function for distributions of coniferous forests in three periods 






















































































































(a) 1970 (b) 1990 (c) 2000 































































































































(a) 1970 (b) 1990 (c) 2000 









The spatial patterns of the coniferous forests cannot easily be distinguished in 1970 and 1990, and appear to show 
similar point clusters in the northern area of the study area. However, spatial patterns of coniferous forests in 2000 
were markedly different to these, only with small part of point clusters located in the north (Figure 4). Univariate 
spatial pattern analysis using the network K-function confirmed visual inspections using Kernel analyses, showing 
similar point clusters at all values of d in 1970 and 1990. In contrast, there was significant small-scale clustering of 
coniferous forests at distances up to 120 km, then significant large-scale repulsion of clusters of populations after 
120 km (Figure 5). The reasons for this pattern may be determined from the sharp reduction of the patches of 
coniferous forests. Road has been considered as an anthropogenic disturbance source to the surrounding landscape 
pattern at the same time an access for the development of human society[14]. The researches on the disturbance 
effect of road have been triggered by more and more attention from people to their deleterious effects such as direct 
deforestation[15], fragmentation[3], habitat changes[4] and so on. These reasons may arouse the sharp reduction of 
the patches of Vegetations. 













Figure 6.Univariate spatial pattern analysis using the network K-function for distributions of plantation forests in three periods 
 
During the three periods, there is a remarkable change of plantation forests. Only three strong clusters of 
plantation forests in the northern in 1970, but in 1990 and 2000, there are plenty of strong clusters in Xishuangbanna. 
Univariate spatial pattern analysis using the network K-function showed that significant clustering of populations at 
all values of d in 1970 and 1990, but the Observed curves is not smooth in 1970. Significant spatial clustering was 
demonstrated for the plantation forests up to 60 km, then significant large-scale repulsion of clusters of populations 
from 80 to 200 km in 2000 (Figure 6). The first time we used the network K-function at large scale in 
Xishuangbanna and compared different periods of K curves of different types of vegetations. The results of the 
Kernel and network K-function analyses showed that populations of three types of Vegetations were tending to 
cluster by road networks. 
4. Discussion 
As a widely used method in other fields, K-function plays an important role in spatial data analysis in plant 
ecology recently[10]. But it also forms a major challenge in present ecological research[11]. Like most spatial 
statistical methods, the K-function assumes a homogenous environment to calculate the Euclidean distance between 
points (or straight-line distance “as the crow flies”), and therefore is an inappropriate tool for analyzing point 
patterns confined along irregular road networks[5]. A method to conduct K-function analysis of point patterns on a 
network was recently based adaptation of Ripley’s K-function (i.e. network K-function analysis, cf. Okabe and 
Yamada, 2001) and will greatly benefit spatial analysis in road ecology and field boundary studies[12]. Possible 
ecological applications include analysis of preferred habitat of threatened fauna (including human interrelations), 
animal movement patterns from survey and traffic mortality (road-kill) data, as well as many aspects of plant and 
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community ecology along confined corridors such as hedgerows and greenbelts. Spooner et al. studied the spatial 
distribution of Acacia populations along a road network in Australia[17]. Bart Deckers et al. analyzed the spatial 
point pattern of the invasive spread of black cherry Prunus serotina in an agricultural landscape in Flanders[13]. 
We used the developed analyses tool- SANET4.0, which provides a collection of tools for analyzing events that 
occur on or alongside a network. But there were still some technical difficulties experienced with this method. 
Firstly, it cannot be used in large scale otherwise it’s error. Secondly, the calculation using SANET could spend 
quite lengthy computational time for some analyses (e.g., analysis of these points on this road network using a 
Pentium3 750 Mhz computer >4 hour). Computational times will vary depending on available computer hardware, 
the amount of points processed, and the amount of nodes and links in the network GIS shapefile[17]. Nevertheless 
the network K-function will become a useful statistical tool to analyze ecological data along roads, field margins, 
streams and other networks, considering the improvements in software and advancements in computer hardware 
technology in the future[16,17]. 
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